The effect of dietary inclusion of increasing levels of Flemingia macrophylla hay on the yield, composition and fatty acid profile of milk from Saanen x Boer goats was evaluated. The diets were composed of 40% concentrate and 60% forage. The treatments were defined by the level of inclusion of Flemingia hay in the diet (0, 80, 160, 240 and 320 g kg -1 dry matter) in replacement of the Cynodon dactylon cv. Tifton-85 hay, distributed according to a 5 x 5 Latin Square design. The inclusion of Flemingia in the diet did not change the milk yield or milk fat content but promoted a quadratic effect on the fat yield. A quadratic effect was observed on the milk protein and lactose contents, but this effect was not reflected in the daily production of these components. The concentrations of vaccenic, rumenic, elaidic and trans-10 C18:1 fatty acids in milk fat increased linearly in response to the dietary inclusion of Flemingia, whereas the contents of palmitic, stearic, oleic, linoleic and α-linolenic fatty acids were not modified. A linear reduction was observed in the lauric and myristic fatty acids concentrations, which was accompanied by a reduction in the atherogenic index of milk fat. A quadratic effect was also observed on the trans-10, cis-12 CLA milk fat content in response to the inclusion of Flemingia in the diet, as well as a linear increase in the apparent transfer of α-linolenic acid from the diet to milk. The inclusion of up to 320 g kg -1 of Flemingia hay as a replacement for Tifton-85 hay in the Saanen x Boer dairy goat diet does not modify the milk production and improves the nutritional quality of milk fat by increasing the contents of rumenic and vaccenic acids beneficial to human health and reducing the concentrations of hypercholesterolemic fatty acids.
Introduction
Flemingia macrophylla (Willd.) Kuntze ex Merrill is a tropical, shrubby, perennial legume from Asia that exhibits vigorous growth and good regrowth ability after cutting and develops well on acidic, poorly drained and low-fertility soils. It shows good tolerance to shade and water stress, remaining green for up to 4 months during the dry period of the year. It has been recommended as an alternative forage for feeding small ruminants, mainly in family-based production systems, during periods of seasonal fodder production or as a substitute for bulky or concentrated foods (MUI et al., 2001; ANDERSSON et al., 2002 ANDERSSON et al., , 2006 .
In addition to presenting high protein content, ranging from 169 to 237 g kg -1 dry matter (DM) (ANDERSSON et al., 2006) , Flemingia is also rich in secondary compounds such as condensed tannins (CT) at concentrations higher than 5 g kg -1 DM (JACKSON et al., 1996; TIEMANN et al., 2008; FAGUNDES et al., 2014) . For this reason, in studies with sheep (BARAHONA et al., 1997; KEXIAN et al., 1998; TIEMANN et al., 2008) and growing goats (KEXIAN et al., 1998; MUI et al., 2001) and with lactating goats (FAGUNDES et al., 2014; OITICICA et al., 2015) , the foraging potential of this legume always has been evaluated with emphasis on the supposed effects of CT on nutrient intake and digestibility, nitrogen (N) and energy compound metabolism, and therefore on the productive performance of the animals.
However, in studies carried out in vitro and in vivo in sheep (KHIAOSA-ARD et al., 2009; VASTA et al., 2009a, b) , the addition of CT in the incubation substrate or in the animal's diet promoted an increase of vaccenic acid (trans-11 C18:1) in the ruminal fluid, which may be indicative of an inhibition in the last step of the biohydrogenation (BH) of the unsaturated C18 fatty acids (FA) to stearic acid (C18:0) in the rumen. Notably, in goats, the vaccenic acid is responsible for 63% to 73% of the total secretion of rumenic acid (cis-9, trans-11 CLA) in milk (BERNARD et al., 2010) ; rumenic acid is a compound related to anticarcinogenic, antidiabetogenic (type 2 diabetes), antiatherogenic and immunomodulatory properties (KOBA; YANAGITA, 2014; YANG et al., 2015) . Therefore, milk and dairy products naturally enriched with these two FAs, in addition to providing other health benefits, such as those provided by oleic (cis-9 C18:1) and α-linolenic acids (cis-9, cis-12, cis-15 C18:3) , are desirable for human consumption, being considered functional foods of high added value. Fagundes (2012) evaluated the inclusion of 125 and 250 g kg -1 DM of Flemingia hay in the diet of goats and did not observe an effect on milk yield, milk composition and FA profile, except for the lauric acid content (C12:0), which was reduced with an increase of Flemingia in the diet. However, other FAs of interest to human health (e.g., vaccenic and rumenic acids) were not reported in the study.
The objective of this study was to evaluate the milk production and its components, as well as the milk fatty acid composition, of Saanen x Boer dairy goats fed diets containing increasing levels of Flemingia macrophylla hay in replacement of the Cynodon dactylon cv. Tifton-85 hay.
Materials and Methods
The experiment was conducted from August to December 2011 at the Federal Rural University of Rio de Janeiro -UFRRJ (Seropédica, RJ, Brazil). All experimental procedures used followed the principles of ethics and animal welfare of UFRRJ.
Five Saanen x Boer dairy goats, multiparous, with 55 to 65 days of lactation, were used. Milk production was 1.49 kg d -1 at the beginning of the study. The goats were kept in individual stalls, with water and mineral mixture ad libitum, in addition to a trough to hold the diet. A 5 x 5 Latin Square (LS) experimental design was used. The experimental period lasted 11 days, comprising 7 days for adaptation, followed by a sampling period from days 8 to 11. A fixed forage-to-concentrate ratio of 60:40 was used, and the treatments were defined by the level of inclusion of Flemingia hay in the diet (0, 80, 160, 240 and 320 g kg -1 DM), which replaced the Tifton-85 hay. The centesimal and chemical compositions of the experimental diets, as well as the FA profile of the ingredients, are shown in Tables 1 and 2, respectively. The diets were fed ad libitum (~15% leftovers) in a total mixed ration (TMR) twice a day (07h30 and 14h30), shortly after milking, which was performed manually at 07h00 and 14h00.
Flemingia planting for hay production was carried out at Embrapa Agrobiologia (Seropédica, RJ). After cutting the plants at 1 m above the ground, the fractions composed of leaves and thin stems were sun dried for 2 days. The obtained hay was bagged and stored in a suitable place until its use. Samples from Flemingia and Tifton-85 hays, as well as ground corn and soybean meal, were collected and stored at -10ºC for determination of the FA profile according to procedures described by Ribeiro et al. (2014) . This analysis was performed at Embrapa Dairy Cattle Chromatography Laboratory (Juiz de Fora, MG, Brazil) using a 6890N gas chromatograph equipped with a HP-FFAP capillary column (25 m x 0.20 m x 0.33 μm) of polyethylene glycol (Agilent Technologies Inc., Santa Clara, CA, USA) and flame ionization detector (FID). The quantification of FA in the sample (g kg -1 DM) was performed by the addition of an internal standard (C19:0).
On the 10 th day of each LS period, after recording production, aliquots of milk from each milking (2/3 at morning milking + 1/3 at afternoon milking) were collected to compose individual samples, which were stored at -10°C in flasks without preservative, for determination of the milk FA composition by gas chromatography, as described by Ribeiro et al. (2014) . This analysis was performed in the Chromatography Laboratory of Embrapa Dairy Cattle using a model 7820A Gas Chromatograph system (Agilent Technologies Inc., Santa Clara, CA, USA) equipped with a 100 m x 0.25 mm x 0.2 μm fused silica capillary column (CP-Sil 88, Varian Inc., Mississauga, ON, USA) and FID. In another flask containing bronopol preservative, samples were collected for the determination of protein, fat, lactose, solids-not-fat and total solids milk contents. These analyses were performed at the Embrapa Dairy Cattle Milk Quality Laboratory (Juiz de Fora, MG) by medium infrared spectrometry (Bentley 2000, Bentley Instruments Inc., Chaska, MN, USA).
To complement the nutritional quality assessment of the milk fat, atherogenicity (AI) and thrombogenicity (TI) indexes and relationships between omega 6 and omega 3 FA (ω-6:ω-3 FA ratio) and hypo-and hypercholesterolemic FA (h/H FA ratio) were calculated according to the following equations as described by Silva et al. (2017) : AI = [C12:0 + (4*C14:0) + C16:0]/(cis-9 C18:1 + Σ cis ω-6 FA + Σ cis ω-3 FA); TI = (C14:0 + C16:0 + C18:0)/[(0.5*cis-9 C18:1) + (0.5*Σ cis ω-6 FA) + (3*Σ cis ω-3 FA) + (Σ cis ω-3 FA/Σ cis ω-6 FA)]; ω-6:ω-3 FA ratio = Σ cis ω-6 /Σ cis ω-3 FA; and h/H FA ratio = (cis-9 C18:1 + Σ cis ω-3 FA)/(C12:0 + C14:0 + C16:0), where Σ cis ω-3 FA = cis-6, cis-9, cis-15 C18:3 + C20:5 ω-3 EPA, and Σ cis ω-6 FA = cis-9, cis-12 C18:2 + cis-6, cis-9, cis-12 γ-C18:3 + cis-11, cis-14 C20:2 + cis-8, cis-11, cis-14 C20:3 + cis-5, cis-8, cis-11, cis-14 C20:4. Indexes of the activity of stearoyl-CoA desaturase enzyme (SCD) and FA secretion in milk were calculated as described by Mourthé et al. (2015) .
The results were analyzed by mixed models, using the MIXED procedure of SAS version 9.0. The level of inclusion of Flemingia hay in the diet was considered a fixed effect, and the LS period and the goat were considered random effects. The linear and quadratic effects were analyzed by orthogonal contrasts. Regression equations between variables were adjusted using the REG procedure, and Pearson correlations were obtained using the CORR procedure. Effects were considered significant when P≤0.05.
Results and Discussion
The inclusion of Flemingia in the diet did not affect (P>0.05) the milk yield nor the productions of protein, lactose, solids-not-fat and total solids (g d −1 ) as shown in Table 3 . On the other hand, a quadratic effect (P<0.05) was observed on the production of the fat and on the fat-corrected milk (FCM) yield (g d −1 ). The minimum production of fat (38.9 g d −1 ) and FCM yield (1,273 g d −1 ), estimated from the regression equations, corresponded to the inclusion of 158 and 165 g kg -1 DM from Flemingia hay in the diet, respectively.
No effect (P>0.05) of inclusion of Flemingia in the diet was observed on the fat and total solids milk content (g kg-1 ) ( Table 3 ). However, a quadratic effect (P<0.05) was observed on the protein, lactose and consequently, on the solids-not-fat milk content. The maximum levels of protein, lactose and solidsnot-fat in milk (25.2, 40.5 and 72.8 g kg -1 ), estimated from the regression equations, corresponded to the inclusions of 163, 159 and 168 g kg -1 DM from Flemingia hay in the diet, respectively. The results of the intake and digestibility from the present work were presented in a companion paper (OITICICA et al., 2005) , in which the inclusion of Flemingia in the diet was reported to not affect the DM and total digestible nutrients intakes (P>0.05), which is consistent with the similarity between treatments for milk production, but those findings do not explain the quadratic behavior observed for other variables presented in Table 3 . In this sense, some aspects related to milk fat content and production will be discussed later on the basis of the milk FA profile. Fagundes (2012) included 0, 125 and 250 g kg -1 DM of Flemingia hay replacing Tifton-85 hay and did not observe an effect (P>0.05) of the inclusion of the legume in the diet on the milk production and composition. The highest milk (2.30 kg d -1 ) and FCM (1.74 kg d -1 ) yield, as well as the highest protein, fat, lactose, total solids and solids-not-fat milk contents (respectively, 27.4, 34.8, 43.2, 114 .6 and 79.7 g kg -1 milk) observed by Fagundes (2012), when compared to the values obtained in the present experiment (Table 3) , can be attributed, at least in part, to the differences in the forage:concentrate ratio and the days in milk of the goats used in the two studies.
The linear increases (P<0.05) observed in the myristic (C14:0), stearic, oleic and linoleic FA intakes, as well as the linear reduction (P<0.05) in α-linolenic acid intake as Flemingia hay was added to the diet (Table 4 ) are mainly due to the differences in the relative proportions of these FA in the dietary ingredients (Table 2) , since no effect (P>0.05) of the treatments was observed on the DM intake, which was, on average, 1.74 kg d -1 (OITICICA et al., 2015) . For the three main substrates used in the ruminal BH processes, the diets with higher proportions of Flemingia in substitution for Tifton-85 had a lower α-linolenic acid content and higher oleic and linoleic acids contents (Table 1) . *Regression equations: ŷ C14:0 = 0.00005593x + 0.10208; ŷ C18:0 = 0.00083627x + 1.06526; ŷ cis-9 C18:1 = 0.00656x + 13.4722; ŷ cis-9, cis-12 C18:2 = 0.00827x + 18.77112; ŷ cis-9, cis-12, cis-15 C18:3 = -0.00172x + 2.29952.
For goats fed alfalfa hay and non-lipid concentrates (forage:concentrate ratio of 30:70) with milk production of 1,256-1,988 g d -1 and DM intake of 1.41-1.78 kg d -1 (close to those observed in the present study), Shingfield et al. (2009 ) and Martínez Marín et al. (2011 , 2012 reported intakes of 4.8-5.1, 4.3-6.9, 9.2-18.9 and 2.5-6.5 g d -1 , respectively, for palmitic, oleic, linoleic and α-linolenic FA. In relation to these ranges, the palmitic, oleic and linoleic FA intakes presented in Table 4 were higher, whereas that of α-linolenic acid intake was lower. Such results can be attributed to differences in composition and FA profile of the ingredients of the diets of these studies.
The inclusion of Flemingia in the diet influenced the contents of nonconjugated (e.g., cis-9, trans-12 C18:2) and conjugated isomers (cis-9, trans-11 CLA, trans-10, cis-12 CLA and trans-9, cis-11 CLA) of linoleic acid in milk fat (Table 5 ). These C18:2 FA isomers are some of the various intermediates of the ruminal BH of linoleic and α-linolenic acids, with the main one being rumenic acid or cis-9, trans-11 CLA JENKINS, 2011) , a compound to which anticarcinogenic, antidiabetogenic (type 2 diabetes), antiatherogenic and immunomodulatory properties have been attributed (KOBA; YANAGITA, 2014; YANG et al., 2015) . A linear increase (P<0.0001) was observed in the rumenic acid milk fat content (Table 5) , with an increase of more than 60% occurring between the diets with inclusion of 0 and 320 g kg -1 Flemingia hay. Because of its relevance to human health, the enrichment of milk and dairy products with rumenic acid has been the subject of several studies. continuation Quadratic effects (P<0.05) were observed in the trans-10, cis-12 CLA and trans-9, cis-11 CLA milk fat contents in response to increased Flemingia hay in the diet (Table 5 ). High concentrations of these CLA isomers in milk fat have been associated with mammary lipogenesis inhibition in cows, whereas goats are physiologically less sensitive to their effects . Although no correlations (P>0.05) were observed between the fat content or production and the concentrations of these CLAs in goat milk, an inverse relationship (ŷ = -208.25x + 65.91; r 2 adj = 0.24; P = 0.0080) was observed between the trans-10, cis-12 CLA milk fat content (g 100 g -1 FA) and the C4:0 to C16:0 saturated FAs milk concentrations (g 100 g -1 FA), originating mostly from de novo FA synthesis in the mammary gland. Such an effect may be associated with inhibition of the abundance of mRNAs and/ or enzymatic activities related to de novo FA synthesis in the mammary gland (ALMEIDA et al., 2013), although Bernard et al. (2009) concluded that reductions of 18% to 27% in the secretion of FA synthesized de novo, are not indicative of the occurrence of such changes. Another hypothesis to explain the reduction in the content of the de novo FA synthesized in milk is related to the preferential incorporation of mono-and polyunsaturated FA into milk fat triglycerides, since negative correlations (r = -0.40 to -0.84; P<0.05) were also found between concentrations of FAs synthesized de novo versus the milk fat contents of various unsaturated-C18 FA (e.g., rumenic, linoleic, α-linolenic, trans-9 C18:1, trans-10 C18:1, vaccenic, trans-12 C18:1, oleic, cis-11 C18:1, and cis-12 C18:1 FAs).
A linear increase (P<0.05) was observed in the milk fat contents of C18:1-FAs: cis-11, trans-6-8, trans-9 (elaidic), trans-10, trans-11 (vaccenic) and trans-12 in response to the inclusion of Flemingia hay in the diet (Table 5 ). These FA, together with cis-10 C18:1, cis-12 to cis-15 C18:1 and trans-13 to trans-16 C18:1, are the major C18:1 isomers formed during the BH of oleic, linoleic and α-linolenic FAs in the rumen BUCCIONI et al., 2012) . Among the trans-C18:1 isomers, we highlight the vaccenic, elaidic and trans-10 C18:1 FAs as the most interesting for human health. The latter two have been associated with deleterious effects on cardiovascular health (ALMEIDA et al., 2014) , and therefore, the reduction of their contents in the milk fats is desirable. On the other hand, vaccenic acid, which was the major isomer of trans-C18:1 (Table 5) , is responsible for 63% to 73% of the total rumenic acid secreted in goat milk via SCD action on the mammary gland (BERNARD et al., 2010) . Therefore, diets that promote an increase in the supply of vaccenic acid from the rumen to the mammary gland result in higher rumenic acid milk contents. In addition, 19% of the ingested vaccenic acid is converted to rumenic acid in human tissues (TURPEINEN et al., 2002) . The regression of milk fat contents of rumenic versus vaccenic acids (g 100 g -1 FA) demonstrates the close association between these FAs (ŷ = 0.16654 + 0.3816x; r 2 adj = 0.64; P<0.0001), also reported in goat milk by Chilliard and Ferlay (2004) (ŷ = 0.15 + 0.40x; r 2 = 0.98).
The accumulation of cis/trans isomers of C18:1 in milk fat content is initially modulated by the ingested lipids associated with its hydrolysis in the rumen, as well as by the ruminal BH pattern exerted by the resident microbiota on the oleic, linoleic and α-linolenic FA released in the hydrolysis process (BUCCIONI et al., 2012) . Ruminal acid pH condition (BUCCIONI et al., 2012) or selection of specific microbial populations, induced by the action of ionophores (LOURENÇO et al., 2010) or of secondary compounds (e.g., tannins, saponins, essential oils) present in the diet (PATRA; SAXENA, 2009) may alter the total concentration of the trans-C18:1 isomers, as well as the distribution of these isomers in milk fat. In the present study, no ionophore was used, and the mean values of pH (>6.6) and rumen concentration of ammonia nitrogen (>11 mg dL -1 ) presented by Oiticica et al. (2015) can be inferred to allow extensive ruminal BH of oleic, linoleic and α-linolenic acids, to the point of leveling their concentrations in fat milk (Table 5 ), in spite of the differences (P<0.05) between the diets on the intake of these FAs (Table 4) . At the same time, the significant changes observed in the milk fat contents of the cis/trans C18:1 isomers and the conjugated and nonconjugated isomers of linoleic acid (Table 5) indicate that the dietary inclusion of Flemingia hay substantially modified the pattern and the extent of ruminal BH of C18-unsaturated FAs in the rumen. The cis/trans C18:1 FA originates directly from isomerization of the oleic acid in the rumen (MOSLEY et al., 2006) , occurring mainly from the action of reductase enzymes synthesized by the microbiota on various conjugated and nonconjugated isomers of linoleic acid, formed on the BH routes of dietary linoleic and α-linolenic acids JENKINS, 2011; BUCCIONI et al., 2012) . The positive correlations (P<0.05) observed between the various cis/trans C18:1 isomers versus rumenic acid, trans-10, cis-12 CLA or trans-9, cis-11 CLA illustrate the common ruminal BH routes of these FAs (Table 6) . Notably, the positive correlations between the rumenic acid or trans-10, cis-12 CLA versus oleic acid (Table 6) should be interpreted as mathematical artifacts, probably resulting from the coelution of oleic acid with trans-15 C18:1 in the FA analysis chromatogram (VASTA et al., 2009a) . Table 6 . Pearson correlation coefficients between concentrations of conjugated linoleic acid (CLA) and cis/trans-C18:1 isomers in milk fat from Saanen x Boer goats fed diets containing increasing levels of Flemingia hay.
CLA isomer (g 100 g -1 fatty acid) C18:1 isomer (g 100 g -1 fatty acid) trans-9 trans-10 trans-11 trans-12 cis-9 + trans-15 cis-11 cis-12 cis-9, trans-11 0.84 *** 0.58 ** 0.81 *** 0.67 ** 0.41 * 0.57 ** NS 1 trans-10, cis-12 NS 0.47 * NS NS 0.46 * NS 0.49 * trans-9, cis-11 NS 0.65 ** NS NS NS NS 0.49 * 1 NS -not significant (P>0.05); * P<0.05; ** P<0.01; *** P<0.0001.
In spite of the linear increase (P<0.05) observed in the stearic acid intake (Table 4) , the inclusion of Flemingia hay in the diet did not affect (P>0.05) the concentration of this FA (Table 5) , which is the last product of the ruminal BH of all the C18-unsaturated FA present in the diet . The milk fat contents of stearic and oleic acids were low (Table 5 ) when compared to the ranges from 9.24 to 10.21 g 100 g -1 FA and from 21.32 to 22.38 g 100 g -1 FA, respectively, reported by Fagundes (2012) in the milk of Saanen x Boer goats fed diets with 0, 125 and 250 g kg -1 DM from Flemingia hay replacing Tifton-85 hay. The inclusion of Flemingia in the diet promoted a linear decrease (P<0.0001) in the C18:0/trans-11 C18:1 ratio in the milk fat (Table 5) , which can be considered indicative of a reduction in the last step of the main BH route of the linoleic and α-linolenic acids in the rumen (VASTA et al., 2009b (VASTA et al., , 2010 . A linear reduction (P<0.0001) was also observed in the C18:0/trans-9 C18:1 ratio, whereas for the C18:0/trans-10 C18:1 ratio, the inclusion of Flemingia hay into the diet promoted a quadratic effect (P<0.05; Table 5 ). Previous studies have shown that the addition of CT in the incubation substrate (KHIAOSA-ARD et al., 2009; VASTA et al., 2009a) or in the sheep diet (VASTA et al., 2009b (VASTA et al., , 2010 promoted an increase in the content of the vaccenic acid in the ruminal fluid. In addition, Vasta et al. (2010) demonstrated that supplementation of the diet of sheep with tannins altered the composition of the cellulolytic bacteria populations involved in the C18-unsaturated FA BH, with an increase in the abundance of Butyrivibrio fibrisolvens, the main species involved in the initial step of ruminal BH of linoleic acid to rumenic acid, with the vaccenic acid as the major final product; the reduction of Butyrivibrio proteoclasticus, which carries out the final step of BH, converts the vaccenic and trans-10 C18:1 FA into stearic acid in the rumen (McKAIN et al., 2010) .
In the present study, due to analytical problems, determination of the tannin content in Flemingia hay and in the experimental diets was not possible. However, Fagundes et al. (2014) reported a high CT content (10.5 g kg -1 DM) in Flemingia hay produced in the same experimental area, also cut in the dry season (July 2010), with similar height (1.2 m) to the one used in the present study. From this information, it may be assumed that the CT present in the Flemingia hay may have selectively modulated the cellulolytic bacterial population of the goat rumen in favor of group A bacteria (e.g., B. fibrisolvens), which isomerize and hydrogenate linoleic acid to vaccenic acid, to the detriment of those of bacteria of group B (e.g., B. proteoclasticus), which hydrogenate the vaccenic and trans-10 C18:1 FA to stearic acid (VASTA et al., 2009b) . Positive correlations between trans-10, cis-12 CLA with trans-10 C18:1 and cis-12 C18:1 (Table 6) indicate that these FAs were important BH intermediates of this CLA isomer in the rumen, corroborating the in vitro results reported by McKain et al. (2010) , which demonstrated that B. fibrisolvens JW11 metabolized trans-10, cis-12 CLA in trans-10 C18:1, trans-12 C18:1 and cis-12 C18:1. McKain et al. (2010) also demonstrated that the bacterium Propionibacterium acnes does not metabolize geometric isomers of CLA but specializes in isomerizing linoleic acid for trans-10, cis-12 CLA and can metabolize trans-10 C18:1 and oleic acid. The quadratic effect (P<0.05) observed in the content of the trans-10, cis-12 CLA in milk fat and in the C18:0/trans-10 C18:1 ratio (Table 5 ) may have been due to the increase in B. fibrisolvens and P. acnes populations in the rumen of goats and by the different roles of these bacteria in BH. Furthermore, assuming that the quadratic effect (P<0.05) in the trans-10, cis-12 CLA milk fat content (Table 5 ) reflected the concentration in the rumen of the goats, possibly, this situation may have contributed to the reduction of the B. proteoclasticus population, since McKain et al. (2010) observed that the P-18 line of this bacterium did not grow in medium with this CLA isomer.
No effect (P>0.05) of inclusion of Flemingia hay on the diet was observed on the milk odd-and branched-chain fatty acids (OBCFA) content (Table  5 ). The prevailing OBCFAs in milk fat were C15:0, C17:0, anteiso C15:0 and anteiso C17:0, as also observed by Cívico et al. (2017) . OBCFAs originate, for the most part, from the FAs synthesized de novo and incorporated into the cell membrane of ruminal bacteria, so that the concentrations of these FA in milk fat may be indicative of the activity and growth of classes of bacteria in the rumen (VLAEMINCK et al., 2006; CÍVICO et al., 2017) .
Thus, the inclusion of Flemingia hay in the diet allowed stability in the populations of amylolytic and cellulolytic bacteria, although the possibility of some alteration in the relative proportions of the cellulolytic species, which cannot be predicted on the basis in the concentrations of OBCFA in milk fat, should not be discounted.
No effect (P>0.05) of the inclusion of Flemingia hay on the diet was observed in the apparent transfer of ingested linoleic acid into the milk (Table 7 ). This result is another indicator of the extensive BH of this substrate in the rumen, especially if we consider the linear increase (P<0.05) in its intake in the diets with higher proportions of Flemingia hay (Table 4) . On the other hand, even if the inclusion of Flemingia hay in the diet of goats promoted a linear reduction (P<0.05) in α-linolenic acid intake (Table 4 ), a linear increase was observed (P<0.05) in the apparent transfer of this FA from the diet into the milk (Table  7) , indicating that a fraction of the α-linolenic acid consumed did not undergo BH in the rumen. This may explain, at least in part, the unexpected inverse relation between the rumenic acid milk fat content (g 100 g -1 FA) and the α-linolenic acid intake (g d -1 ) (ŷ = 0.63343 -0.13501x; r 2 adj = 0.23; P = 0.0084). The apparent protection of the ruminal BH of the ingested α-linolenic acid has been associated with the presence of CT in the forage consumed (ROY et al., 2002) and with the polyphenol oxidase enzyme activity on endogenous and ruminal lipolysis (LEE et al., 2008; BUCCIONI et al., 2012; LEE, 2014) . In a study conducted with cows receiving a diet with forage rich in tannins, Kälber et al. (2011) reported a high transfer of ingested α-linolenic acid into milk. Negative correlations (P<0.05) were observed between the contents of vaccenic acid or trans-12 C18:1 milk fat versus SCD activity index for cis-9 C14:1/C14:0 and oleic/stearic pairs of FAs. Notably, the cis-9 C14:1/14:0 ratio is considered the best indicator of SCD activity in the mammary gland (BERNARD et al., 2010) . Bernard et al. (2009) reported a higher sensitivity of SCD in the mammary gland of goats compared to that of cows for the inhibitory effects of polyunsaturated FAs and intermediates of ruminal BH. No correlation (P>0.05) was observed between the contents of the three isomers of CLA and the other trans-C18:1 isomers with the indexes of SCD activity.
A positive correlation was observed between stearic acid versus milk fat content (r = 0.60; P = 0.0016), corroborating the value of this correlation (r = 0.61) presented by Bernard et al. (2015) and the hypothesis discussed by Chilliard and Ferlay (2004) that stearic acid is the main regulator of lipogenesis in the mammary gland of goats. The lower production of stearic acid in the rumen, as a function of the reduction in the last ruminal BH step, as indicated by the C18:0/trans-11 C18:1 ratio (Table 5) , may have reduced the availability of stearic acid for uptake by the mammary gland for its desaturation and subsequent esterification of the oleic acid at the sn-3 position of triacylglycerol, an important mechanism in the control of the melting point and fluidity of milk fat (BERNARD et al., 2015; TORAL et al., 2015) .
Negative correlations (P<0.05) were observed between the SCD activity indexes (cis-9 C14:1/ C14:0, oleic/stearic and rumenic/vaccenic pairs) with the content (r = -0.57 to -0.67) and the milk fat production (r = -0.49 to -0.54). In this way, the quadratic effects (P<0.05) observed for fat and FCM production (Table 3) can be inferred to be related to the activities of the oleic/stearic and rumenic/vaccenic pairs of the SCD enzyme (Table  8) . Because stearic acid is the preferred substrate for the SCD enzyme , its putative lower availability to the mammary gland indirectly impaired the secretion of rumenic acid, since it reduced the activity of SCD in vaccenic acid desaturation (ŷ = -0.07901x + 1.26696; r 2 adj = 0.53; P = 0.0269), as indicated by the inverse relationship (ŷ = -0.07901x + 1.26696; r 2 adj = 0.53; P<0.0001) observed between the stearic acid milk fat content (g 100 g -1 FA) and the rumenic/vaccenic ratio. In general, the secretion of most FA (Table 7 ) followed the pattern of the observed results for their milk fat contents (Table 5) , except for secretions of lauric, myristic, trans-9, cis-11 CLA and trans-10, cis-12 CLA (Table 7) , whose effects resulting from the inclusion of Flemingia hay in the diet were more strongly impacted by the quadratic effect (P<0.05) observed for milk fat production ( Table 3 ). The lowest secretions of lauric and myristic acids and their sum with palmitic acid were 1.41, 4.15 and 16.44 g d -1 , respectively, estimated for the inclusion of Flemingia in the diet at 191, 179 and 171 g kg -1 DM. The linear increases observed (P<0.05) in the contents and secretions of rumenic and vaccenic acids as the Flemingia hay was added to the diet are positive for human health. However, the milk fat contents and milk secretions of elaidic and trans-10 C18:1 FA, whose consumption has been associated with deleterious effects on cardiovascular health (ALMEIDA et al., 2014) , also increased linearly (P<0.05).
The linear reduction (P<0.05) observed in AI (Table 9) shows that as Flemingia hay was added to the diet an improvement occurred in the nutritional quality of the milk fat. This result was mainly a consequence of the decreases (P<0.05) observed in the milk fat contents of lauric and myristic acids, considered hypercholesterolemic (FAO, 2010), since the inclusion of Flemingia in the diet did not affect (P>0.05) the concentration of oleic acid (Table 5 ) and the milk fat contents of sum of ω-6 and of sum of ω-3 FAs (Table 9 ). 
Conclusions
The inclusion of up to 320 g kg -1 of Flemingia macrophylla hay in the dry matter of Saanen x Boer goat diets in replacement of the Tifton-85 hay does not modify the milk production and allows milk fat to be produced with more adequate nutritional quality for human consumption, with higher levels of rumenic and vaccenic acids, beneficial to health, and with lower concentrations of hypercholesterolemic fatty acids. BERNARD, L.; LEROUX, C.; ROUEL, J.; DELAVAUD, C.; SHINGFIELD, K. J.; CHILLIARD, Y. Effect of extruded linseeds alone or in combination with fish oil on intake, milk production, plasma metabolite concentrations and milk fatty acid composition in lactating goats. Animal, Cambridge, v. 9, n. 5, p. 810-821, 2015 Reproduction Nutrition Development, Cambridge, v. 44, n. 5, p. 467-492, 2004. 
